ABSTRACT. The principal center of the accessory olfactory system is the accessory olfactory bulb (AOB). In primates, simians are divided into two groups, New and Old World monkeys, and the AOB is present in only New World monkeys. The common marmoset (Callithrix jacchus) is a species of New World monkey. Although the morphology of the common marmoset AOB has been demonstrated, the distribution patterns of the mitral/tufted and granule cells of the AOB remain unclear. In the present study, therefore, the distribution of the mitral/tufted and granule cells in the common marmoset AOB was examined using two histochemical markers including immunostaining for protein gene product (PGP) 9.5 and NADPH-diaphorase staining. The vomeronasal nerves, gomeruli and mitral/tufted c ells showed PGP 9.5-immunoreactivity. The mitral/tufted cells were arranged in only one or two rows along the margin of the glomerular layer to form the mitral/tufted cell layer (MTL). Since the mitral/tufted cells occurred sparsely in the common marmoset, the M TL was illegible. NADPH-diaphorase reactivity was primarily detected in the rostral and caudal areas of the AOB. In these areas, gran ule cells showed NADPH-diaphorase reactivity. Since the granule cells were sparse, the common marmoset AOB displayed less-developed granule cell layer. Although the functional significance of the AOB remains to be solved in the common marmoset, small-sized and lesslaminated AOB may show that sexual behavior of the common marmoset has lesser dependence on the accessory olfactory system. KEY WORDS: accessory olfactory bulb, common marmoset, NADPH-diaphorase, nitric oxide synthase, protein gene product 9.5.
The accessory olfactory system appears from amphibian phylogenetically and is thought to be associated with reproductive and sexual behaviors [12] . The principal center of this system is the accessory olfactory bulb (AOB) [12, 26] . Among mammals, the rodent AOB is well-developed and clearly displays the following five layers: vomeronasal nerve layer (VNL); glomerular layer (GL); mitral/tufted cell layer (MTL); lateral olfactory tract (LOT); and, granule cell layer (GCL) [11, 21] . Although behavioral studies have revealed strong linkage between the accessory olfactory system and reproductive behaviors in rodents [13, 26] , this linkage seems to be weak in other animals, including the ewe [2] , pig [4] and ferret [9, 24] . In these animals, the AOB is relatively small in size in spite of the presence of very large main olfactory bulb (MOB) [12] . In animals with a relatively small AOB with a smaller number of neurons, the identification of laminar organization tends to be more difficult than in those with larger AOB [12] .
In primates, simians are divided into two groups, New and Old World monkeys, and the AOB is present in only New World monkeys [12, 20] . The common marmoset (Callithrix jacchus) is a species of New World monkey. Although the morphology of the common marmoset AOB has been demonstrated [19] , the distribution patterns of the mitral/tufted and granule cells of the AOB remain unclear.
To confirm the distribution of the mitral/tufted and granule cells in the common marmoset AOB, we used two histochemical markers in the present study. These histochemical markers are immunostaining for protein gene product (PGP) 9.5, which is predominantly localized in the mitral/ tufted cells in the rodent [14, 22] and dogs [15] , and staining for NADPH-diaphorase, which is predominantly localized in the granule cells in various animals [1, 3, 10, 15, 16] .
MATERIALS AND METHODS

Animals and tissue preparation:
Seven adult common marmosets of either sex, weighing 252-386 g were used. They were kept in the Central Institute for Experimental Animals (Kawasaki, Japan), fed and watered ad libitum. The animals were deeply anaesthetized by ketamine (30 mg/ kg, i.m.) and xylazine (2.3 mg/kg, i.m.) and perfused with physiological saline, followed by Bouin's solution without acetic acid for paraffin sections or by 4% paraformaldehyde-0.1 M phosphate buffer (PB) (pH 7.4) for frozen sections. These procedures were carried out according to the Guidelines for Animal Experimentation established by the Japanese Association for Laboratory Animal Science. For paraffin sections, the cerebral hemispheres containing olfactory bulb and olfactory peduncle (OP) were removed from 2 animals, immersed in the fixative for 24-48 hr and embedded in paraffin. Paraffin sections were cut sagittally at 5 µm. For frozen sections, the hemispheres containing the olfactory bulb and the OP were removed from 5 animals, immersed in the fixative for 2-3 hr at 4°C, and transferred to 30% sucrose-0.1 M PB (pH 7.4). Frozen sections were cut sagittally at 6-8 µm on a cryostat, thaw-mounted on slide glasses coated with 3-aminopropyltriethoxysilane (Shinetsu Chemicals, Tokyo, Japan), and stored at -20°C until use.
Immunohistochemistry for PGP 9.5: Immunohistochemical staining for PGP 9.5 was performed by the avidin-biotin peroxidase complex (ABC) method using a commercial ABC kit (Vector, Burlingame, CA, U.S.A.) and involved following steps: 1) incubation with 10% normal goat serum at 32°C for 30 min; 2) rinse in 0.02 M phosphate buffered saline (PBS) (pH 7.25) for 15 min; 3) incubation with primary rabbit antibody against PGP 9.5 (1:2,000; UltraClone, Wellow, U.K.) at 4°C for 48 hr; 4) rinse in PBS for 15 min; 5) incubation with biotinylated goat anti-rabbit IgG (1:600; Vector) at 32°C for 40 min; 6) rinse in PBS for 15 min; 7) incubation with ABC at 32°C for 40 min; 8) rinse in PBS for 15 min; 9) incubation with 0.05 M tris-HCl (pH 7.6) containing 0.01% 3-3' diaminobenzidine tetrahydrochloride (DAB) and 0.003% hydrogen peroxide for 20-30 min; 10) rinse in distilled water. When the primary antibody was replaced by non-immune rabbit or goat serum, no specific reaction products were observed.
Enzyme-histochemistry for NADPH-diaphorase: Frozen sections were incubated for 60-90 min at 37°C with 1 mM β-NADPH (Oriental Yeast, Osaka, Japan), 0.1 mM NBT (Wako, Osaka, Japan), and 0.3% triton X-100 in 0.1 M PB (pH 7.4), rinsed in distilled water and mounted with glycerin jelly. Negative control staining was performed in the absence of β-NADPH. No specific reaction products were o b s e r v e d i n t h e n e g a t i v e c o n t r o l s t a i n i n g .
Nitric oxide synthase immunohistochemistry/NADPHdiaphorase histochemistry double-staining: First, frozen sections were processed for nitric oxide synthase (NOS) immunohistochemistry. After incubation with the primary rabbit antibody (1:1000; Euro-Diagnostica, Malmö, Sweden), sections were incubated with fluorescein isothyiocyanate (FITC)-conjugated goat anti-rabbit IgG (1:50; Vector) for 2 hr at room temperature to take photographs of selected fields. After photography, the sections were rinsed in PBS and processed for enzyme-histochemistry for NADPH-diaphorase, as described above.
RESULTS
PGP 9.5-immunoreactivity:
The vomeronasal nerve fibers and glomeruli showed strong PGP 9.5-immunoreactivity (Fig. 1A) . Since the glomeruli in the commom marmoset AOB were very diffusely organized, the border between the VNL and the GL was illegible. Under the GL, PGP 9.5-immunopositive neurons were observed. These neurons had round or oval somata (11-17 µm in diameter) and were rich in cytoplasm (Fig. 1B) . Judging from these morphological features, they were identified as mitral/tufted cells. They occurred sparsely and arranged in one or two rows along the margin of the GL to form the MTL.
NADPH-diaphorase reactivity: NADPH-diaphorase reactivity was primarily detected in the rostral and caudal areas of the AOB (Fig. 1C) . In these areas, small-sized neurons (9-10 µm) showed NADPH-diaphorase reactivity (Fig.  1D ). These neurons were round or oval in shape and meager in cytoplasm. Judging from these morphological features, these neurons were identified as granule cells. They were distributed around NADPH-diaphorase-negative mitral/ tufted cells to form the GCL (Fig. 1E) . Since the granule cells were sparse, the common marmoset AOB displayed less-developed GCL.
The parasagittal section of the area containing the caudal part of the MOB, AOB and OP was shown in Fig. 1F by the NADPH-diaphorase staining. There was no significant difference in the intensity of NADPH-diaphorase reactivity in granule cells between the MOB and AOB.
Nitric oxide synthase immunohistochemistry/NADPHdiaphorase histochemistry double-staining: Since NADPHdiaphorase was shown to be NOS in specific neuronal populations of the brain [6] , we examined whether the NADPHdiaphorase reactivity in the granule cells was attributed to the NOS. After nitric oxide synthase immunohistochemistry/NADPH-diaphorase histochemistry double-staining, the coincidence between these two reactivities was observed in the granule cells ( Fig. 2A, B) .
DISCUSSION
The mitral/tufted cells, the output neurons of the AOB, make synaptic contacts with axons of vomeronasal receptor neurons within the glomeruli [12] . On the other hand, the granule cells, the inhibitory interneurons of the AOB, modulate the excitation of the mitral/tufted cells [12] . Although the AOB has been identified in many mammalian species, the precise position of the AOB was recently demonstrated in the ferret [8] and dog [17] . Since the AOB of the ferret and dog is small in size and different in morphology and the position from the rodents, the AOB of these animals has been overlooked. The recent reports demonstrated the precise position of the dog and ferret AOB using selective histochemical markers for the AOB [8, 17] . In these animals, however, the laminar structure of the AOB often remains to be solved even though the position of the AOB was clearly demonstrated. Salazar et al. [18] tried to demonstrate the distribution of the mitral/tufted cells using monoclonal antibody for neuron specific enolase and neurofilaments but failed to detect the immunoreactivity for these markers in the mitral/tufted cells. On the other hand, we succeeded to demonstrate the mitral/tufted cells of the dog AOB using antibody for PGP 9.5 [15] . PGP 9.5 corresponds to ubiquitin carboxyl terminal hydrolase [5, 25] . PGP 9.5 has been widely used as a neuronal marker in the central and peripheral nervous systems [7, 23] . In the present study, we could reveal the distribution of the mitral/ tufted cells in the common marmoset by means of PGP 9.5-immunostaining. The mitral/tufted cells were distributed under the GL to form the MTL. Since the mitral/tufted cells of the common marmoset occurred sparsely and arranged in only one or two rows along the margin of the GL, the MTL was illegible. In the common marmoset AOB, the distribution of granule cells also remained unclear [19] . Since it has been documented that NADPH-diaphorase is localized in the granule cells in various animals [1, 3, 10, 15, 16] , we conjectured that NADPH-diaphorase staining could reveal the distribution of the granule cells in the common marmoset AOB. In the present study, we observed that the granule cells were distributed under the MTL. Since the granule cells occurred sparsely, the common marmoset AOB displayed less-developed. In the rodent AOB, the granule cells numerously occur to form a well-defined crescent GCL [11] . Since most of the granule cells were concentrated to the rostral and caudal portion of the common marmoset AOB, the present results showed that the GCL in the common marmoset was remarkably different in shape from that in the rodent. Although previous study described that the MTL and the GCL in the common marmoset AOB occurred as one layer containing the mitral/tufted and the granule cells [19] , the present results showed that each of the MTL and the GCL was illegible but located apart. Although behavioral studies have revealed strong linkage between the accessory olfactory system and reproductive behaviors in rodents [13, 26] , the main olfactory system plays an important role in recognition of pheromone in other animals, including the ewe [2] , pig [4] and ferret [9, 24] . In these animals, the AOB is relatively small in size in spite of the presence of very large MOB [12] . Although the functional significance of the AOB remains to be solved in the common marmoset, small-sized and less-laminated AOB may show that sexual behavior of the common marmoset has lesser dependence on the accessory olfactory system. The present nitric oxide synthase immunohistochemistry/ NADPH-diaphorase histochemistry double-staining indicates that NADPH-diaphorase reactivity in the granule cells corresponds to the localization of NOS. In the rodent, NADPH-diaphorase reactivity in the granule cells is stronger in the AOB than in the MOB [3, 10, 16] , suggesting that NOS activity in the granule cells was higher in the AOB than in the MOB in the rodent. In the common marmoset, however, NOS activity in the granule cells of the AOB seemed to be almost the same as that of the MOB judging from the NADPH-diaphorase reactivity. Since the granule cells play a role as inhibitory interneurons in the olfactory transduction, these findings may suggest that there is some difference in inhibitory function of the AOB between the common marmoset and rodent.
In conclusion, we revealed the distribution of the mitral/ tufted and granule cells in the common marmoset AOB. PGP 9.5-immunopositive and NADPH-diaphorase-positive neurons were identified as mitral/tufted and granule cells, respectively. Since the mitral/tufted and granule cells occurred sparsely, the common marmoset AOB displayed less-developed MTL and GCL. Although the functional significance of the AOB remains to be solved in the common marmoset, small-sized and less-laminated AOB may show that sexual behavior of the common marmoset has lesser dependence on the accessory olfactory system.
